Somatostatin-like inmunoreactivity (SLI) was measured in the brains of nine patients with dominantly inherited olivopontocerebeliar atrophy (OPCA), who all had a marked deficit of the cholinergic marker cholineacetyltransferase (ChAT) in the cerebral cortex and striatum. Mean concentrations of SLI in OPCA were significantly reduced by 42-58% in parietal and occipital cortices and frontal cortical eye fields, but were normal in other cortical areas, including two subdivisions of the temporal cortex which show marked depletions of both SLI and ChAT in Alzheimer's disease. This dissociation of SLI and ChAT indicates that a cortical cholinergic deficit does not invariably lead to reduction of somatostatin. In the caudate nucleus, the region of OPCA brain having the most severe ChAT deficit (-81%), SLI levels were significantly elevated by 46% and were negatively and significantly correlated with ChAT activities (r =-0.66).
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The SLI alterations could be due to abnormal somatostatin metabolism or release, or an increased number of somatostatin-containing neurons (2) hours; p > 0 05). At necropsy one half-brain was frozen at -80°C for biochemical investigation whereas the other half-brain was fixed in formalin for neuropathological analysis (YR, MB). The nine OPCA patients were from pedigrees S (n = 6), Se (n = 1), C (n = 1), and D (n = 1) in which at least three successive generations have been affected. We have previously reported a cerebral cortical/ striatal ChAT deficit in the brains of five of the six pedigree S patients examined in the present study.'2 All patients had severe limb ataxia and dysarthria and were either wheelchair-bound or bedridden. Formal neuropsychological testing had been conducted on three of the pedigree S patients.'2 Neurological assessment of the other three pedigree S patients, and the two patients from pedigrees Se and C, did not reveal any clinically significant 'dementia. Moderate to severe dementia was observed only in the single patient from pedigree D, in which neuropathological analysis revealed moderate cerebral cortical neuronal loss (see below). Neuropathological analysis confirmed the diagnosis of OPCA with severe Purkinje cell loss in cerebellar cortex, and neuronal loss with gliosis in the pons and inferior olives. Microscopic analysis of the cerebral cortex (frontal, parietal, temporal, occipital) showed no evidence of neuronal cell loss or gliosis in six of the nine patients (pedigree S, n = 4; pedigree Se, n = 1; pedigree C, n = 1) with two patients (pedigree S) showing slight neuronal cell loss and gliosis in parietal cortex (other cerebral cortical areas within normal limits). The single patient from pedigree D showed moderate cerebral cortical neuronal loss with little gliosis affecting primarily the deeper cortical layers. The neuronal population of the striatum (caudate and putamen) was within normal limits in six of the nine patients whereas in three patients (pedigree S, n = 2; pedigree C, n = 1) minimal/mild neuronal cell loss could be observed; these changes were not associated with specific abnormalities on silver stains. No senile plaques or neurofibrillary tangles were observed in the brains of any of the OPCA patients. SLI was measured by radioimmunoassay as previously described.2 The assay recognises amino acids 6 to 10 of the tetradecapeptide somatostatin. Somatostatin 14 and 28 are recognised on an equimolar basis. ChAT activity was determined using the radiochemical procedure of Fonnum."3
Results
Compared with the controls, mean levels of SLI were significantly reduced (p < 0 05 or less, Student's two tailed t test) by 42-58% in Brodmann areas 8 (frontal eye field), 7b (parietal cortex), and 18 (occipital cortex) but were normal in areas 6 (pre-motor cortex), 20 (inferior temporal gyrus), and 38 (temporal pole), and in the putamen (see ChAT levels in any of the seven cerebral cortical areas or in the putamen. In the caudate nucleus, however, a significant (p < 0 05) negative correlation (r = -0 66) was observed between SLI and ChAT values in the OPCA patients.
Discussion
Whereas the brain neuropathology of affected patients from the examined OPCA families has been generally assumed to be restricted primarily to the cerebellum and lower brain stem, our data show abnormal levels of SLI in OPCA cerebral cortex and striatum with a regional pattern differing from that reported for other brain neurodegenerative conditions. Our finding of decreased SLI in OPCA cerebral cortex can be compared with Alzheimer's disease, in which a cortical SLI deficit is a feature of this condition, but in which, unlike OPCA, SLI levels are reduced by 42-58% in the temporal lobe4 and are normal in striatum.14 Increased striatal SLI, observed in our OPCA patients, is also found in Huntington's disease,'5 but in the latter condition none of the (24) cerebral cortical areas examined showed the decreased SLI we have observed in OPCA.
In cerebral cortex somatostatin-immunoreactive neurons are found in a subpopulation of locally projecting neurons (cf Beal et al 7). The SLI deficit in OPCA cerebral cortex could be explained by loss of somatostatincontaining neurons. However, our preliminary observation'6 that the SLI deficient areas of OPCA cerebral cortex contain normal concentration of neuropeptide Y (which, to a large extent is co-localised with somatostatin in human cerebral cortical neurons),"7 argues against neuronal cell loss as an explanation for the reduced SLI and points towards a change in somatostatin release, metabolism, or prosomatostatin metabolism. This differs from Alzheimer's disease cerebral cortex in which reduced levels of both SLI (see above) and neuropeptide Y18 are observed.
Unlike the cerebral cortex, mean SLI concentration in striatum (caudate) was actually elevated in the OPCA patients. Increased striatal levels of SLI are also observed in Huntington's disease,'5 which is associated with marked atrophy of the striatum. Since none of our OPCA patients had, upon gross inspection, striatal atrophy, the SLI elevation is unlikely to be consequent to any artefactural increase resulting from tissue shrinkage.
The regional patterns of the SLI and ChAT changes were dissimilar, the most striking difference being the temporal cortex, which consistently shows both ChAT and SLI loss in Alzheimer's disease,l but which, in OPCA, shows only a cholinergic reduction. Our data indicate therefore that a loss of cholinergic innervation to cerebral cortex does not inevitably result in a cortical somatostatin deficit. SLI levels were elevated in the caudate nucleus, the region of OPCA brain found to have the most marked ChAT reduction. In striatum, somatostatin immunoreactivity is contained in medium sized aspiny neurons where it is co-localised with neuropeptide Y and NADPH diaphorase. This neuronal population is distinct from the large aspiny cholinergic interneuron of the striatum.7 Observation of a significant negative correlation between caudate SLI and ChAT levels suggests the interesting possibility that a primary loss or downregulation of striatal cholinergic neurons might result in nerve terminal sprouting or upregulated neuropeptide synthesis in the striatal somatostatinergic neurons.
The functional significance of the brain somatostatin changes in OPCA, as well is in Alzheimer's disease, is uncertain. In Alzheimer's disease SLI has been observed in neuritic plaques19 and in neurons containing neurofibrillary tangles,20 suggesting that this neuropeptide could play a role in the neurodegenerative process. However, senile plaques and neurofibrillary tangles were not observed in the brain of any of our ( 
